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INTRODUCTION 

Proper  preparation  of  the  surface  prior  to  painting  is  essential  to 
achieve  maximum  life  of  a coating.  The  best  quality  paint  will  not 
perform  effectively  if  applied  on  a poorly  prepared  surface.  Painting 
over  rusty  or  poorly  prepared  steel  surfaces  is  regarded  as  poor  practice 
and  should  be  avoided.  Abrasive  blast  cleaning  is,  by  far,  the  most 
thorough  and  effective  mechanical  treatment.  However,  it  is  often 
impractical  or  impossible  to  do  this  because  of  environmental  and  econom- 
ical reasons,  location,  or  equipment  limitations.  Maintenance  personnel 
are  frequently  required  to  resort  to  other  methods  of  surface  preparation. 

One  of  the  available  methods  is  to  use  a chemical  rust  remover. 
Industry  has  introduced  a variety  of  rust  removers  that  can  be  applied 
over  rusty  surfaces  to  remove  rust  and  mill  scale  from  steel  surfaces. 
Thus,  it  has  become  necessary  to  appraise  the  relative  merits  of  some  of 
these  products  to  ascertain  their  suitability  for  use  by  the  Navy. 

In  Fiscal  Year  1972,  the  Civil  Engineering  Laboratory  (CEL)  included 
an  investigation  of  13  different  rust  removers  or  rust  converters  in 
work  sponsored  by  the  Naval  Facilities  Engineering  Command.  Ten  rust 
removers  and  three  rust  converters  were  selected  for  this  investigation. 

These  rust  removers  and  rust  converters  were  applied  to  rusted 
steel  test  panels  to  remove  or  convert  rust  and  were  then  top-coated 
with  government  specification  coating  (MIL-P-15328 , TT-P-645,  and  TT-E- 
489E) . The  coated  test  panels  were  placed  on  exposure  racks  at  the 
three  CEL  marine  atmospheric  exposure  sites:  Kaneohe,  Hawaii;  Kwajalein, 
Marshall  Islands;  and  Port  Hueneme,  California.  Their  performances  were 
compared  with  the  same  coating  systems  applied  to  sandblasted-to-white- 
metal  steel  test  panels  exposed  simultaneously. 

This  report  presents  the  results  of  5 years  of  exposure  at  the 
three  exposure  sites. 


TEST  PROCEDURE 
Panel  Preparation 

All  test  panels  were  of  mild  steel,  6x12x1/8  in.,  providing  approxi- 
mately 1 sq  ft  of  overall  area.  The  new  test  panels  were  washed  with 
methyl  ethyl  ketone  to  remove  any  rust  inhibitive  oily  substance  on  the 
surfaces,  then  placed  on  exposure  racks  at  the  Port  Hueneme  exposure 
site  for  4 weeks  to  allow  rusting  to  take  place.  During  the  rusting 
procedure  the  test  panels  were  turned  over  each  week  to  obtain  uniform 
rusting. 
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Each  rust  remover  or  converter  was  applied  on  both  sides  of  the  14 
rusted  test  panels  according  to  instructions  provided  by  each  manufacturer. 
Some  of  the  rust  removers  or  converters  were  applied  differently  than 
others,  as  required.  The  rust  removers  were  then  washed  off  with  clean 
water  and  then  rinsed  with  methyl  ethyl  ketone  to  remove  the  residual 
water  from  the  test  panels  to  dry  them  quickly. 

After  rust  removal,  all  test  panels  were  top  coated  with  a govern- 
ment specification  paint  (MIL-P- 15328 , TT-P-645,  and  TT-E-489E)  applied 
to  both  sides  of  the  test  panels  by  means  of  an  automatic  horizontal- 
transverse  paint  spraying  machine,  resulting  in  a uniform  paint  thickness 
for  each  set  of  panels.  The  control  standard  coating  system  was  applied 
over  white  metal  sandblasted  steel*  (System  14).  After  coating,  the 
panels  were  dried  as  required.  Appendix  A lists  thp  rust  removers  or 
converters,  their  sources,  the  coating  systems,  and  their  thickness. 

To  allow  evaluation  of  adhesion  loss  and  coating  blistering  associ- 
ated with  corrosion  resulting  from  abrasion  damage  that  exposes  bare 
metal  and  to  accelerate  the  weathering  process,  two  diagonal  cuts  were 
made  through  the  coating  to  expose  the  steel  substrate.  These  scribes, 
made  in  the  shape  of  an  "X"  on  one  side  of  the  coated  test  panel,  extended 
from  about  1-3/8  in.  from  each  corner.  Four  coated  test  panels,  two 
scribed  and  two  unscribed,  from  each  coating  system  were  exposed  to  the 
marine  atmosphere  at  each  of  the  three  test  sites,  with  the  scribed  side 
facing  up. 

CEL  Exposure  Locations 

Each  of  the  three  marine  atmospheric  environments  (Port  Hueneme, 
Kaneohe,  and  Kwajalein)  presents  different  combinations  of  weathering 
factors  such  as  rainfall,  temperature,  humidity,  solar  radiation,  wind, 
and  salt  spray  in  varying  intensities  and  duration.  Thus,  these  three 
different  geographical  locations  provide  an  opportunity  for  simultaneous 
exposure  studies  of  identical  coatings  under  differing  conditions. 

Kwajalein.  Kwajalein  is  located  near  the  center  of  the  tropical 
zone  at  8 44'  north  latitude.  The  exposure  racks  are  about  100  feet 
from  the  surfline  at  high  tide  and  hold  the  test  panels  at  a 45-degree 
angle  to  the  horizontal,  facing  the  prevailing  east-northeast  wind  that 
carries  large  amounts  of  salt  spray  to  the  panels.  Rainfall  is  plentiful, 
averaging  over  10  in. /mo  during  8 months  of  the  year;  total  annual 
rainfall  is  about  105  inches.  The  annual  average  temperature  range  is 
81  to  83  F,  and  wind  velocity  is  between  8 and  21  mph. 

Kaneohe . The  exposure  racks  at  Kaneohe  face  east-northeast  into 
the  prevailing  wind  and  are  about  200  feet  from  the  surf  and  up  a knoll 
about  40  feet  above  sea  level.  The  test  panels  are  placed  at  a 45-degree 
angle  to  the  horizontal.  The  wind  often  carries  small  amounts  of  fine 
sand,  which  has  a slight  abrasive  action  on  the  coating  surfaces.  This 

*Steel  Structures  Painting  Council  Surface  Preparation  No.  5,  "White 
Metal  Blast  Cleaning,"  Steel  Structures  Painting  Manual,  Vol.  2,  "Systems 
And  Specifications,"  SSPC,  Pittsburgh,  Pa.,  1973,  pp  61-64. 
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test  area  is  at  21°21'  north  latitude  near  the  northern  edge  of  the 
tropical  zone  (the  Tropic  of  Cancer  is  23  21'  north  latitude).  The 
Kaneohe  test  site  has  a slightly  greater  variation  in  temperature  than 
does  Kwajalein  with  average  annual  temperature  ranging  between  73  and 
79  F.  The  monthly  rainfall  varies  from  1 to  9 inches;  annual  total 
rainfall  averages  about  43  inches. 

Port  Hueneme.  This  test  site  is  located  on  a pier  where  the  speci- 
mens are  exposed  at  a 45-degree  angle  to  the  horizontal,  facing  west. 

The  pier  runs  parallel  to  a north-south  rock  jetty  (breakwater),  which 
is  about  300  feet  to  the  west  of  the  pier.  The  surf  breaks  against  this 
jetty,  and  the  prevailing  west  wind  carries  ocean  spray  onto  the  test 
specimens.  The  wind  carries  a considerable  amount  of  fine  sand  and 
dust,  which  has  a slight  abrasive  action  on  the  coating  surfaces.  Port 
Hueneme  is  at  34  7'  north  latitude  (10  40'  north  of  Tropic  of  Cancer). 
The  annual  average  rainfall  is  about  12  inches  and  falls  predominantly 
during  5 months  in  the  winter.  The  average  annual  temperature  is  from 
51  to  65  F. 


RATING  OF  COATING  SYSTEMS 

Inspections  were  made  of  the  exposed  coatings  annually  and  their 
performances  rated.  Photographs  of  the  coatings  were  taken  annually. 

The  assigned  ratings  are  tabulated  in  Appendix  B. 

Ratings  were  assigned  by  CEL  personnel  in  accordance  with  ASTM 
Standards,  where  applicable.  A numerical  rating  system  was  used  for 
recording  the  degree  of  protection  given  by  a coating.  A rating  of  10 
indicated  complete  protection,  a rating  of  0 indicated  no  protection. 

For  example,  if  the  metal  substrate  had  lost  protection  over  10%  to  20% 
of  its  surface  the  coating  was  given  a rating  of  8.  In  this  report,  a 
protection  rating  of  7 indicates  coating  failure  and  that  maintenance  or 
recoating  is  necessary.  An  E in  the  Appendix  B tabulation  indicates  the 
rating  was  based  on  coating  performance  at  the  edges. 

Chalking  is  evident  as  a removable  powder  evolving  from  the  coating 
film  at,  or  just  beneath,  the  surface  resulting  from  breakdown  of  polymer 
by  the  action  of  ultraviolet  light.  To  determine  the  chalking  rating,  a 
4-inch  stroke  is  made  with  a clean,  dry  cloth  across  the  surface  of  a 
coating.  The  spot  of  powder  on  the  cloth  is  compared  with  photographic 
reference  standards  (ASTM  Designation  D659-44);  the  degree  of  chalking 
is  then  rated  from  10  (no  powder  on  the  cloth)  to  2 (the  powder  completely 
covers  the  spot).  Because  the  amount  of  chalking  present  on  the  coating 
film  at  the  rating  time  was  affected  by  recent  rainfall,  the  recorded 
rating  represents  a maximum  rating  for  chalking. 

The  degree  of  rusting  is  rated  in  accordance  with  ASTM  Designation 
D610-43  which  provides  photographic  reference  standards.  Both  Type  I 
(rusting  without  blistering)  and  Type  II  (rusting  with  blistering)  are 
rated  from  10  (no  rusting)  to  0 (completely  rusted). 
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The  blister  size  is  also  designated  10  to  2:  10  indicates  no 

blisters,  8 indicates  the  smallest  blister  easily  seen  with  the  unaided 
eye,  and  6,  4,  and  2 represent  a progressively  larger  sized  blister. 

Size  2 represents  a blister  diameter  of  about  1/4  in.  Blister  frequency 
is  reported  as  dense  (D),  medium  dense  (MD) , medium  (M),  and  few  (F), 
where  "dense"  represents  complete  surface  coverage  and  "few"  only  occa- 
sional blisters.  Thus,  a rating  of  2/M  would  represent  blisters  of 
1/4-in.  diameter,  covering  approximately  one-fifth  to  one-quarter  of  the 
surface . 

Undercutting  is  a type  of  coating  deterioration  in  which  adhesion 
of  the  coating  film  to  the  metal  panel  is  destroyed  by  the  formation  of 
corrosion  products.  In  most  cases  these  products  would  be  rust  inasmuch 
as  steel  panels  are  used.  Undercutting  most  frequently  occurs  at  the 
scribes  or  edges  of  the  panels  where  coating  protection  is  least.  Under- 
cutting in  these  areas  is  rated  10  (no  undercutting),  or  8,  6,  4,  2, 
representing  progressively  greater  areas  affected  by  the  undercutting. 

A rating  of  5 would  indicate  that  50%  of  the  designated  area  was  affected 
by  the  undercutting. 


TEST  RESULTS 

Observation  during  the  rust  remover  applications  and  performance 
during  the  5 years  of  exposure  at  the  three  CEL  exposure  sites  are 
presented  below.  Three  years  of  exposure  at  Kwajalein  usually  provide 
enough  data  so  that  inferior  coating  systems  can  be  identified.  However, 
longer  term  exposures  are  normally  required  to  better  identify  superior 
coatings.  After  5 years  of  exposure  it  is  possible  to  select  the  best 
system  or  the  superior  systems  that  have  continued  to  give  satisfactory 
protection  at  Kwajalein.  The  coatings  that  fail  during  these  additional 
2 years  can  be  ranked  in  protective  quality,  depending  on  whether  they 
fail  during  the  fourth  or  fifth  years  at  Kwajalein  and  on  the  condition 
of  the  coatings  at  Kaneohe  during  these  same  periods. 

System  1 

This  system  consisted  of  a proprietary  rust  remover,  Rustbuster 
#211,  and  three  government  specification  coatings  (wash  primer  MIL-P- 
15328,  primer  TT-P-645,  and  finish  TT-P-489E). 

Rustbuster  #211  is  a medium  duty,  general  purpose  grade  of  metal 
cleaner  compared  to  the  heavy  duty  rust  remover  used  in  System  2.  The 
rust  remove r formed  a dry  film  on  the  test  panels  15  minutes  after  the 
application.  The  dried  film,  however,  peeled  back  at  the  edges  of  some 
of  the  test  panels.  After  1 hour,  a second  application  was  made  and 
left  standing  for  another  hour;  the  remaining  rust  was  removed  from  the 
panels  satisfactorily.  Flash  rust  set  in  quickly  unless  the  panels  were 
rinsed  with  clean  water  and  dried  with  methyl  ethyl  ketone.  One  coat  of 
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the  wash  primer,  two  coats  of  the  primer,  and  one  coat  of  the  finish 
coat  were  then  applied.  Total  average  dry-film  thickness  was  8 mils 
(0.008  in.). 

Protection  of  unscribed  panels  provided  by  this  system  were  fair  to 
excellent  (ratings  of  8+,  9-,  and  10)  during  the  5 years  of  marine 
atmospheric  exposure  at  the  Kwajalein,  Kaneohe,  and  Port  Hueneme  test 
sites,  respectively.  The  performances  of  the  unscribed  panels  were 
almost  as  good  as  the  sandblasted  control  standard  system,  System  14, 
which  were  rated  9-,  9-,  and  10  during  the  same  period  of  exposure. 

Protection  provided  by  this  coating  system  to  the  scribed  panels 
during  the  5 years  of  exposure  were  fair  to  good  (ratings  of  8-,  8,  and 
9-)  at  the  Kwajalein,  Kaneohe,  and  Port  Hueneme  test  sites,  respectively. 
The  performances  of  the  scribed  panels  were  as  good  as  or  slightly 
better  than  System  14  which  were  rated  7,  8+,  and  8,  respectively,  at 
the  three  test  sites  during  the  same  period  of  exposure.  The  rating  of 
7 of  System  14  indicated  failure  of  the  control  standard  to  protect  the 
test  panels  from  the  corrosion  attack  during  5 years  of  exposure  at 
Kwajalein. 

System  2 

This  system  consisted  of  a proprietary  rust  remover,  Rustbuster  HD, 
and  the  three  government  specification  coatings. 

Rustbuster  HD,  designed  for  heavy  duty  metal  cleaning,  was  supplied 
by  the  same  manufacturer  as  System  1.  It  was  much  easier  to  apply  and 
did  not  peel  off  as  did  Rustbuster  #211.  System  2 also  required  two 
applications  to  remove  the  rust  from  the  rusted  test  panels  satisfactorily. 

After  rinsing  with  water  and  drying  with  methyl  ethyl  ketone,  the 
panels  were  coated  with  the  same  three  government  specification  coatings 
(one  coat  of  MIL-P-15328,  two  coats  of  TT-P-645,  and  one  coat  of  TT-E-489E) 
as  the  previous  samples.  Total  dry-film  thickness  was  7.5  mils  (0.0075 
inch) . 

Protection  of  the  unscribed  panels  provided  by  this  system  were 
fair  to  good  (8+,  9-,  and  9+)  during  the  5 years  of  exposure  at  the 
Kwajalein,  Kaneohe,  and  Port  Hueneme  exposure  sites,  respectively.  The 
protection  provided  by  this  system  was  slightly  less  than  that  provided 
by  control  standard  System  14  during  the  same  period. 

The  scribed  panels  coated  with  this  system  failed  after  4 years  of 
exposure  at  Kwajalein  because  of  heavy  rusting,  blistering,  and  undercut- 
ting at  the  scribed  areas.  The  performance  of  this  system  at  Kaneohe 
and  Port  Hueneme  was  fair  (8  and  8+,  respectively)  during  the  5 years  of 
exposure. 

System  3 

This  coating  system  consisted  of  a proprietary  rust  remover  (Devcon 
Rust  Jelly)  and  three  government  specification  coatings. 

This  product  meets  requirements  of  Military  Specification  MIL-C- 
10578C.  The  consistency  of  this  product  appeared  to  be  very  light,  and 
when  it  dried  the  dried  film  appeared  to  have  shrunk  slightly,  exposing 
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the  unprotected  edges  of  the  panels.  This  rust  remover  required  two 
coats  to  remove  the  rust  from  the  rusted  panels  satisfactorily.  After 
rinsing  with  water  and  drying  with  methyl  ethyl  ketone,  the  test  panels 
were  coated  with  one  coat  each  of  the  three  government  specification 
coatings.  Total  dry-film  thickness  was  6.5  mils  (0.0065  inch). 

Protection  of  the  unscribed  panels  provided  by  this  system  was  good 
to  excellent  (ratings  of  9,  9,  and  10)  during  the  5 years  of  exposure  at 
the  Kwajalein,  Kaneohe,  and  Port  Hueneme  exposure  sites,  respectively. 

The  protection  provided  by  this  system  was  as  good  as  that  provided  by 
the  sandblasted  control  standard  System  14  during  the  same  period. 

The  scribed  panels  failed  after  2 years  of  exposure  at  Kwajalein. 

The  protection  provided  by  this  system  at  the  Kaneohe  and  Port  Hueneme 
exposure  sites  was  rated  fair  (8+  and  8,  respectively)  during  the  5 
years  of  exposure. 

System  4 

This  coating  system  consisted  of  a proprietary  rust  remover  (Acco 
Naval  Rust-Removo)  and  the  three  previously  described  government  specifi- 
cation coatings. 

This  material  was  heavy  jelly-like  and  could  not  be  just  brushed  on 
but  needed  to  be  patted  on  with  a spatula  and  then  spread  with  a brush 
to  cover  the  surface  of  the  test  panels.  A second  coat  applied  after  1 
hour  of  standing  was  required  to  remove  the  rust  from  the  panels  satis- 
factorily. Although  the  manufacturer  claimed  that  the  rust  remover 
leaves  rust-inhibitive  film  on  the  treated  surface,  flash  rust  appeared 
on  the  surface  soon  after  the  panels  were  rinsed  with  water  and  dried 
with  methyl  ethyl  ketone.  The  panels  were  then  coated  with  one  coat  each 
of  the  government  specification  coatings  as  for  the  previous  systems. 
Total  dry-film  thickness  was  6.5  mils  (0.0065  inch). 

The  unscribed  coating  system  provided  good  to  excellent  protection 
(ratings  of  9,  9+,  and  10,  respectively)  during  the  5 years  of  exposure 
at  Kwajalein,  Kaneohe,  and  Port  Hueneme  test  sites.  The  protection 
provided  by  this  system  was  as  good  as  that  provided  by  control  standard 
System  14  during  the  same  period. 

The  scribed  panels  failed  after  4 years  of  exposure  at  Kwajalein. 

The  protection  was  fair  (8+  and  8,  respectively)  at  the  Kaneohe  and  Port 
Hueneme  test  sites  during  the  5 years  of  exposure. 

System  5 

This  coating  system  consisted  of  a proprietary  rust  remover  (Rust- 
clean  3764)  and  the  same  three  government  specification  coatings. 

This  product  was  also  in  gel  form  but  lighter  and  easier  to  apply 
than  the  Acco  Naval  Rust-Removo.  It  adhered  better  on  the  edges  of  the 
panels  but  removed  the  rust  more  slowly  than  the  Rust-Removo.  This 
product  meets  Military  Specification  MIL-C-19647A.  Three  government 
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specification  coatings  were  applied  after  rinsing  the  panels  with  water 
and  drying  with  methyl  ethyl  ketone.  Total  dry-film  thickness  was  6.5 
mils  (0.0065  inch) . 

Protection  of  the  unscribed  panels  provided  by  this  system  were 
good  to  excellent  (ratings  of  9,  9,  and  10,  respectively)  during  the  5 
years  of  exposure  at  Kwajalein,  Kaneohe,  and  Port  Hueneme.  The  protection 
provided  by  this  system  was  as  good  as  that  provided  by  control  standard 
System  14  during  the  same  period  of  exposure. 

The  scribed  panels  failed  after  4 years  of  exposure  at  Kwajalein. 

The  protection  was  fair  at  Kaneohe  and  Port  Hueneme  (ratings  of  8+  and 
8+ , respectively)  during  the  5 years  of  exposure. 

System  6 

This  coating  system  consisted  of  a proprietary  rust  remover  (Oakite 
Jelcid)  and  three  government  specification  coatings. 

This  product  meets  Military  Specifications  MIL-STD-107E  and  MIL-M- 
10578C  Type  II.  This  product  is  a heavy-bodied  liquid  material.  It  was 
applied  by  brush  but  can  be  applied  with  a roller.  Two  applications 
were  made,  the  second  after  1 hour  of  standing.  After  the  panels  were 
rinsed  with  water  and  dried  with  methyl  ethyl  ketone,  remaining  rust 
spots  were  sanded  manually.  One  coat  each  of  the  three  government 
specification  coatings  were  then  applied  as  for  the  previous  systems. 

Total  dry-film  thickness  was  6.5  mils  (0.0065  inch). 

Protection  of  unscribed  panels  provided  by  this  coating  system  were 
good  to  excellent  (ratings  of  9,  9,  and  10,  respectively)  during  5 years 
of  exposure  at  Kwajalein,  Kaneohe,  and  Port  Hueneme.  This  system  also 
provided  protection  as  good  as  control  standard  System  14  during  the 
same  period  of  exposure. 

The  scribed  panels  failed  after  4 years  of  exposure  at  Kwajalein. 

The  protection  was  fair  (ratings  of  8+  and  8,  respectively)  at  Kaneohe 
and  Port  Hueneme  during  the  5 years  of  exposure. 

System  7 

This  coating  system  consisted  of  a proprietary  rust  remover  (Naval 
Jelly)  and  the  three  government  specification  coatings. 

This  product  was  also  a heavy-bodied  liquid.  It  was  applied  by 
brushing  and  removed  the  rust  in  the  same  way  as  the  Oakite  Jelcid. 

Second  applications  were  made  after  1 hour  of  standing.  This  product 
removed  the  rust  more  effectively  than  other  rust  removers  tested.  No 
re-rusting  of  the  panels  occurred  after  the  rust  remover  was  rinsed  with 
water  and  dried  with  methyl  ethyl  ketone.  One  coat  each  of  the  government 
specification  paints  were  applied  on  the  treated  test  panels.  Total 
dry-film  thickness  was  6.5  mils  (0.0065  inch). 

This  coating  system  provided  fair  to  excellent  protection  (ratings 
of  8,  8+,  and  10- , respectively)  to  the  unscribed  panels  during  the  5 
years  of  exposure  at  Kwajalein,  Kaneohe,  and  Port  Hueneme. 
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The  scribed  panels  failed  after  4 years  of  exposure  at  Kwajalein. 

The  system  provided  fair  protection  (ratings  of  8 and  8)  to  the  scribed  I 

panels  at  Kaneohe  and  Port  Hueneme  during  5 years  of  exposure. 

System  8 

This  coating  system  consisted  of  a proprietary  rust  converter 
(Carboline  Rustcon  230)  and  a government  specification  finish  coat 

(TT-E-489E).  : 

Unlike  the  previously  discussed  rust  remover  samples,  this  product  1 

was  classified  as  a rust  converter  because  it  was  claimed  that  this 
product  will  produce  a protective  coating  upon  application  by  chemically 
converting  the  tightly  adhering  rust  to  a protective  coating  and  provide 
a sound  base  for  subsequent  painting.  This  product  was  applied  over  a , 

brush-off  sandblasted  rusty  surface  as  recommended  by  the  manufacturer . 1 

After  the  rust  converter  was  dried,  two  coats  of  government  specification 
finish  coat  (TT-E-489E)  were  applied.  This  system  differed  from  other  I 

systems  in  that  wash  primer  and  primer  were  omitted  as  recommended  by  i 

the  manufacturer.  Total  dry-film  thickness  was  6.0  mils  (0.006  inch).  J 

This  product  provided  very  poor  protection  to  the  unscribed  panels  ' 

as  well  as  the  scribed  panels  during  the  5 years  of  exposure  at  the  < 

three  CEL  test  sites.  The  unscribed  panels  failed  during  the  third  and  j 

fifth  year  of  exposure  at  Kaneohe  and  Kwajalein,  respectively,  because 
of  heavy  rust  and  blistering.  The  system  provided  fair  protection 
(rating  of  8)  to  the  unscribed  panels  at  Port  Hueneme  during  the  5 years 
of  exposure. 

The  scribed  panels  failed  only  after  1 year  of  exposure  at  Kwajalein 
and  Kaneohe  and  failed  after  4 years  of  exposure  at  Port  Hueneme  because 
of  heavy  rust,  blisters,  and  tuberculation . 

System  9 

This  coating  system  consisted  of  a proprietary  rust  remover 
(Manganesed-Phospholene  No.  7)  and  three  government  specification  coat- 
ings. 

This  product  is  a very  light  liquid  and  can  be  applied  by  brushing, 
spraying,  or  dipping.  This  product  required  2 hours  of  continuous 
brushing  before  rust  was  satisfactorily  removed  from  the  surface.  This 
product  reacted  with  the  metal  surface  and  left  a gray  surface  after  the 
treatment  which  is  said  to  act  as  a protective  film  against  re-rusting 
of  the  surface  and  enhances  paint  adhesion.  This  product  meets  Military 
Specifications  MIL-STD-107E  and  MIL-M-10578C . It  recommends  sanding-off 
rust  and  mill  scale  from  the  surface  prior  to  application  if  they  are 
too  heavy.  After  rinsing  with  water  and  drying  with  methyl  ethyl  ketone, 
the  treated  panels  were  coated  with  one  coat  each  of  the  three  government 
specification  coatings.  Total  dry-film  thickness  was  7.0  mils  (0.007 
inch) . 
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This  product  provided  fair  and  excellent  protection  (ratings  of  8+ , 

8+ , and  10-)  to  the  unscribed  panels  during  the  5 years  of  exposure  at 
Kwajalein,  Kaneohe,  and  Port  Hueneme , respectively. 

The  scribed  panels  failed  after  4 years  of  exposure  at  Kwajalein 
because  of  heavy  rusting  and  blistering  along  the  scribed  areas.  It 
provided  fair  protection  (rating  of  8)  during  the  5 years  of  exposure  at 
Kaneohe  and  Port  Hueneme. 

System  10 

This  coating  system  consisted  of  a proprietary  rust  remover  (Turco 
Metal  Glo  //3H)  and  the  three  government  specification  coatings. 

This  product  was  a viscous  liquid,  slightly  in  gel  form  and  required 
2 hours  of  continuous  application  with  a stiff  bristle  brush  to  loosen 
the  rust  from  the  test  panels.  The  treated  panels  required  some  sanding 
of  the  remaining  rust  after  rinsing  off  the  rust  remover  with  water. 

This  product  was  not  an  effective  rust  remover  compared  to  other  rust 
removers  under  investigation.  After  rinsing  with  water  and  drying  with 
methyl  ethyl  ketone,  the  treated  panels  were  coated  with  one  coat  each 
of  the  government  specification  coatings  as  other  systems.  Total  dry-film 
thickness  was  6.5  mils  (0.0065  inch). 

The  conditions  of  the  unscribed  panels  were  fair  to  excellent 
(racings  of  8+,  9,  and  10-)  during  the  5 years  of  exposure  at  Kwajalein, 
Kaneohe,  and  Port  Hueneme,  respectively. 

The  scribed  panels  failed  after  4 years  of  exposure  at  Kwajalein 
because  of  heavy  rusting  and  blistering.  The  condition  of  the  scribed 
panels  at  Kaneohe  and  Port  Hueneme  was  fair  (ratings  of  8)  at  the  end 
of  5 years  of  exposure. 

System  11 

This  coating  system  consisted  of  a proprietary  rust  remover  (Far 
Best  //5703)  and  the  same  three  government  specification  coatings. 

This  product,  a viscous  liquid  and  in  slightly  gel  form,  was  similar 
to  the  previous  rust  remover,  Turco  Metal  Glo  #3H.  The  product  was  too 
mild  and  required  continuous  brushing  with  a stiff  bristle  brush  tc 
remove  heavy  rusting  from  the  panels.  It  was  an  ineffective  rust  remover 
and  required  sanding  of  some  remaining  rust  from  the  surface.  After  the 
treated  panels  were  rinsed  with  water  and  dried  with  methyl  ethyl  ketone, 
they  were  coated  with  one  coat  each  of  the  government  specification 
coatings.  Total  dry-film  thickness  was  7.0  mils  (0.007  inch). 

The  conditions  of  the  unscribed  panels  were  fair  to  excellent 
(ratings  of  8+ , 9,  and  10-)  during  the  5 years  of  exposure  at  Kwajalein, 
Kaneohe,  and  Port  Hueneme,  respectively. 

The  scribed  panels  failed  after  3 years  of  exposure  at  Kwajalein 
because  of  heavy  rust  and  blistering  along  the  scribed  areas.  Protection 
of  the  scribed  panels  at  Kaneohe  and  Port  Hueneme  were  fair  (ratings  of 
8)  during  the  5 years  of  exposure. 
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System  12 


This  coating  system  consisted  of  a proprietary  rust  converter 
(Ospho)  and  three  government  specification  coatings  used  in  the  previous 
systems . 

This  product  is  also  classified  as  a rust  converter  because  the 
manufacturer  claimed  that  this  product  reacts  with  existing  rust  and 
converts  it  to  an  inert  iron  phosphate  which  acts  as  a protective  film 
against  further  corrosion  of  the  substrate.  Although  the  manufacturer 
recommends  letting  the  product  stand  overnight  after  application,  it 
appeared  to  react  fairly  rapidly  with  the  rust  when  applied  on  the  test 
panels.  However,  rust  began  to  reappear  when  the  treated  surface  was 
rinsed  with  water.  The  three  government  specification  coatings  were 
then  applied  to  the  treated  panels.  Total  dry-film  thickness  was  6.5  mils 
(0.0065  inch). 

The  conditions  of  the  unscribed  panels  were  fair  to  good  (ratings 
of  8,  8+,  and  9-)  during  the  5 years  of  exposure  at  Kwajalein,  Kaneohe, 
and  Port  Hueneme,  respectively. 

The  scribed  panels,  however,  failed  after  3 years  of  exposure  at 
Kwajalein  and  Kaneohe  because  of  heavy  rusting  and  blistering.  The 
scribed  panels  at  Port  Hueneme  were  fair  (rating  of  8)  during  the  5 
years  of  exposure. 

System  13 

This  coating  system  consisted  of  a proprietary  rust  converter 
(Actan)  and  the  same  government  specification  coatings  as  the  previous 
coating  systems. 

This  product  is  also  classified  as  a rust  converter  because  the 
manufacturer  claims  that  it  "reacts  with  iron-oxide  (rust)  and  forms  a 
protective  barrier,  metallo-organic  coating,  on  metallic  substrate  and 
passivates  the  ferrous  surface  from  further  corrosion."  It  can  be 
applied  by  brushing,  rolling,  or  spraying.  The  treated  panels  were  left 
outside  for  7 days  as  directed  by  instructions  provided.  The  panels 
were  then  rinsed  with  water,  dried,  and  the  three  government  specification 
coatings  were  applied.  Total  dry-film  thickness  was  6.5  mils  (0.0065 
inch) . 

Conditions  of  the  unscribed  panels  were  fair  to  good  (ratings  of  8, 

9,  and  8+)  during  the  5 years  of  exposure  at  Kwajalein,  Kaneohe,  and 
Port  Hueneme,  respectively. 

The  scribed  panels,  however,  failed  after  only  1 year  of  exposure 
at  Kwajalein  and  after  4 years  of  exposure  at  Port  Hueneme  because  of 
heavy  rusting,  blistering,  and  undercutting  along  the  scribed  areas. 

These  panels  did  not  fail  (rating  of  8+)  at  Kaneohe  during  the  5 years 
of  exposure.  The  failure  of  the  rust  converter  to  protect  the  Kwajalein 
and  Port  Hueneme  panels  was  similar  to  Systems  8 and  12,  which  also  used 
rust  converters. 
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System  14 


This  coating  system  consisted  of  the  three  government  specification 
coatings,  wash  primer  MIL-P-15328,  primer  TT-P-645,  and  finish  coat  TT-E- 
A89E.  The  specification  coatings  were  the  same  as  those  of  the  previous 
systems  except  that  the  coatings  were  applied  over  the  sandblasted-to- 
white  steel  panels  instead  of  over  rust  remover-  or  converter-treated 
panels.  This  system  was  prepared  as  a control  standard  for  comparison 
with  the  performance  of  other  systems.  Total  dry-film  thickness  was  7.0 
mils  (0.007  inch). 

Conditions  of  the  unscribed  panels  were  good  to  excellent  (ratings 
of  9-,  9-,  and  10)  during  the  5 years  of  exposure  at  Kwajalein,  Kaneohe, 
and  Port  Hueneme,  respectively. 

The  scribed  panels  failed  after  4 years  of  exposure  at  Kwajalein. 
Condition  of  the  scribed  panels  was  fair  (rating  of  8-  and  8)  during 
the  5 years  of  exposure  at  Kaneohe  and  Port  Hueneme,  respectively. 

DISCUSSION 

Except  for  the  rust  converters  - Systems  8,  12,  and  13  - most  of 
the  rust  removers  were  claimed  to  be  applicable  not  only  for  removing 
rust  from  steel  and  cast  iron  surfaces  but  also  capable  of  removing 
corrosion  product  or  tarnish  from  aluminum,  stainless  steel,  chrome, 
copper,  bronze,  and  brass  surfaces.  Some  of  these  products  were  also 
recommended  for  removing  rust  stains  from  porcelain,  concrete,  or  marble, 
although  such  claims  were  not  investigated  under  this  work. 

Number  of  applications  and  time  required  to  remove  the  rust  from 
the  surfaces  depends  on  the  thickness  and  degree  of  corrosion.  All  rust 
removers  tested  here  required  two  applications  or  continuous  scrubbing 
with  a bristle  brush  to  remove  the  rust  satisfactorily.  Most  of  these 
rust  removers  were  left  standing  overnight  before  rinsing  down  with 
water.  Removal  of  the  rust  from  vertical  surfaces  was  very  difficult 
because  most  of  the  rust  removers  slowly  slid  down  from  the  top  to  the 
bottom  while  standing. 

Most  of  the  rust  removers  contained  phosphoric  acid  to  remove  the 
rust  plus  detergent,  wetting  agents,  or  organic  solvents  to  assist  in 
removing  soil  and  oil.  Phosphoric  acid  cleaning  is  an  excellent  time- 
tested  method  of  removing  oil  and  rust.  The  phosphoric  acid  etches  the 
surface  and  chemically  reacts  with  it  producing  a thin  layer  of  iron 
phosphate.  This  thin  layer  temporarily  retards  re-rusting  of  the  treated 
areas  and  provides  a sound  base  for  subsequent  coatings.  However, 
during  the  experiment,  the  flash  rust  appeared  in  most  instances  soon 
after  rinsing  with  clean  water.  After  5 years  of  the  atmospheric  exposure, 
however,  the  results  indicated  that  the  slight  amount  of  flash  rust  did 
not  affect  the  performance  of  the  coating  systems  seriously,  and  the 
test  panels  were  protected  as  well  as  the  sandblasted-to-whi te  control 
standard  panels  were. 
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Rust  converter  Systems  8,  12,  and  13  did  not  provide  good  protection 
during  the  5 years  of  exposure  at  the  three  CEL  test  sites.  Some  of  the 
scribed  panels  treated  with  the  rust  converter  failed  soon  after  1 year 
of  exposure  at  Kwajalein,  as  shown  in  Appendix  B.  However,  the  idea  of 
developing  an  effective  corrosion-preventive  coating  such  as  a rust 
converter  is  a good  one,  and  a need  exists  for  such  a oroduct  in  the 
Navy  for  maintenance  and  cost  reduction.  Therefore,  development  or 
research  on  such  products  should  be  encouraged. 

CONCLUSIONS 

1.  Most  of  the  rust  removers  tested  under  this  work  removed  the  rust 
very  slowly  from  the  test  panels,  and  the  time  required  to  remove  the 
rust  varied  among  the  rust  removers  tested.  In  most  cases,  the  rust 
removers  needed  to  be  left  standing  overnight  to  remove  the  rust  satis- 
factorily. 

2.  In  most  instances,  flash  rust  reappeared  after  rinsing  off  the  rust 
removers.  However,  reappearance  of  the  flash  rust  did  not  affect  the 
performance  of  the  coating  systems  seriously,  and  the  cleaning  systems 
provided  protection  as  good  as  that  provided  by  the  sandblasted  control 
panels.  Therefore,  as  a group,  any  of  these  rust  removers  tested  were 
judged  satisfactory  for  Navy  use. 

| 3.  All  three  rust  converters  tested  provided  poor  protection  compared 

to  that  provided  by  the  rust  removers.  Therefore,  their  use  is  not 
recommended  at  the  present  time. 
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Appendix  A 

COATING  SYSTEMS,  THEIR  SOURCES,  AND  FILM  THICKNESS 
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Appendix  B 

RATING  DATA  FOR  RUST  REMOVERS 
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ARMS  -PLASTI  C'  Picatinny  Arsenal  (A  M An/alone.  SMI  PA-FR-M-D)  Dover  NJ 
ASS  I SI  CRI  I ARY  OF  I II I s A VS  Spec  Assist  I nergy  ( P.  W alcrmanl.  V\  ashington  IX 
BUMF  DC  ode  41-1  (C  DR  Nichols)  W ash.  IX 

BUREAU  OF  COMMFRCTAI  FISHERIES  Woods  Hole  MA  (Biological  I ah.  I d i 

BUREAU  OF  RECLAMATION  Code  1512  (C  Selander)  Denver  CO 

CINCFAN’T  Civil  F.ngr.  Supp.  Plans.  Ofr  Norfolk.  VA 

CTNCPAC  Fac  Fngrng  Div  (J44l  Makalapa.  HI 

CN AVRES  Code  13  (Dir.  Facilities)  New  Orleans.  I A 

CNM  Code  MAT-0KT3.  Washington.  IX':  N M A I 08T24h  (Dieterle)  Wash.  IX 

C NO  C 'ode  N( )P-964.  W ashington  DC  . Code  OP  323.  W ashinglon  IX  . ( ode  ( )P-41 3 W ash.  DC;  ( >IH)X7J  (J.  Boosmanl. 
Pentagon 

COMC  BPAC  Operations  Off.  Makalapa  HI 

COMF1  FACT.  OKINAWA  Commander.  Kadena  Okinawa:  PWO.  Kadena.  Okinawa 

COMN  AVBI  ACHPHI  URF.FT  RAORU  ONI  San  Diego  CA 

COMN AVMARIANAS  Code  N4.  Ciuam 

COMOC  EANSYSPAC  SUE.  Pearl  Harbor  HI 

DEFENSE  IXXT'MFNTA  ITON  CTR  Alexandria.  VA 

DEFENSE  INTEL!  IGENCE  ACiENCY  Dir.,  Washington  DC 

1)1  SI  I-  Army  Logistics  Mgt  Center.  Fort  Lee.  VA 

DNA  S IT!  . Washington  DC 

IX)F  Dr.  Cohen;  Dr.  Vanderryn.  Washington.  IX  : FCM  (WT  UTT)  Washington  IX' 

DTNSRIX  Code  172  IM.  Kren/ke).  Belhcsda  Ml) 

1)1  NSRIX  Cixle  2K4  (A.  Rufolo).  Annapolis  Ml) 

DTNSRIX  Code  4111  (R.  Ciierich).  Belhcsda  Ml) 

DTNSRIX  'Code  4121  (R.  Rivers).  Annapolis.  MD 
DTNSRIX'  Code  42.  Bethesda  MD 

ENERGY  RAD  ADMIN.  INI  I Tech.  I ih,  (Reports  Section).  Idaho  Falls  ID 

FLTCOMBATTRACF.Nl. ANT  PWO,  Virginia  Bch  VA 

EMIT  .ANT  CFO  Offr.  Norfolk  VA 

(iSA  Fed  Sup  Serv.  (FMBP).  Washington  IX 

HE DSUPPACT  PWO.  Taipei.  Taiwan 

HQ  UNCYUSEK  (Crompton).  Korea 

KWAJAI  I IN  MISRAN  BMDSC-RKL  C 

MARINI  C( )RPS  BASE  Camp  Pendleton  CA  92055;  Code  43-260.  Camp  I ejeune  NC;  M A R Division.  C amp  Lejcune 
NC:  PWO.  Camp  S.  I).  Butler.  Kawasaki  Japan 
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MARINI  CORPS  DIST9,  Code  044.  Overland  Park  KS 
MARINI  CORPS  HQSCode  I FI-7.  Washington  l)( 

MOAS  l acil.  Pngr.  Div.  Cherry  Point  NC:  CO.  Kaneohe  Bay  HI:  Code  PWE.  Kaneohe  Bay  HI:  Code  S4.  Quanlico 
VA:  .1  Taylor.  Iwakuni  Japan  PW  I).  Dir.  Maim.  Control  Div..  Iwakuni  Japan:  PWC)  Kaneohe  Bay  HI;  PWC) 
Utilities  (Parol,  Iwakuni.  Japan:  PWC).  Yuma  A/:  UTC  Dupalo.  Iwakoni.  Japan 
MCDIC  NSAP  RI  P.  Quantieo  VA;  P&S  Div  Quanlico  VA 
MC  RD  PWC).  San  Diego  ( a 
NAD  Pngr.  Dir.  Hawthorne.  NV 
NAP  PWC)  Sigonelki  Sicily:  PWC).  Atsugi  Japan 

NAS  Asst  C/S  C l Corpus  Christi,  I X:  CO.  Guantanamo  Bay  Cubit;  Code  1 14,  Alameda  ( A;  Code  1X4  ( Fat.  Plan  BK 
MGR):  Code  1X7.  Jacksonville  PI.;  Code  18700,  Brunswick  Ml:;  Code  I8U  (PNS  P.J.  Hickey).  Corpus  Christi  I X: 

C ode  (>744  (G  Trask).  Point  Mugu  ( A;  Code  70.  Atkintii.  Marietta  C i A : Code  XP.  Patuxent  Riv. . Ml);  Dir.  Mainl. 
Control  Div.,  Key  West  I P;  Dir.  Util.  Div..  Bermuda:  PNS  Buchhol/,  Pensacola.  PI  : l.akehurst.  NJ;  l ead. 
Chief.  Petty  Offr.  PW/Self  Help  Div.  Beeville  PX:  OIC.  CBU  417.  Oak  Harbor  W A:  PW  (J.  Maguire).  C orpus 
Christi  I X;  PW  I)  Maint.  Coni.  Dir..  Fallon  NV:  PWD  Maint.  Div..  New  Orleans.  Belle  Chasse  PA;  PWD. 
Maintenance  Control  Dir..  Bermuda:  PW  D.  Willow  Grove  PA:  PWOtM.  Elliott).  Pos  Alamitos  ( A:  PWC)  Belle 
Chasse.  l.A;  PWC)  Chase  Field  Beeville.  I X;  PWC)  Key  West  PI.:  PWC)  Whiling  Pld.  Milton  PI  : PWC).  Dallas  TX: 
PWC).  Glenview  II  ; PWC).  Kingsville  TX:  PWC).  Millington  TN;  PWC).  Miramar.  San  Diego  CA;  PWC)..  Moffett 
f ield  CA;  ROICC  Key  West  II;  SCP  Pant  f leet  Norfolk,  VA;  SCP  Norfolk.  VA;  SC  P.  Barbers  Point  HI 
N A 1 1 BUREAU  OP  STANDARDS  B-34X  BR  (Dr.  Campbell).  Washington  DC 
NAIF  RESEARCH  C’OUNCIP  Naval  Studies  Board.  Washington  DC 
NATNAVMI  IX'FN  PWC)  Bethesda.  Ml) 

N A I PA RACH UTPT PSTR A N PW  Pngr.  PI  Centro  CA 
NA  V ACT  PW  C ).  Pondon  UK 
NAVACTDFT  PWC).  Holy  l ock  UK 
NAV AFROS PRPGMPDCPN  SCP.  Pensacola  PI 

NAVAI.  FACIPITY  PWC).  Barbados:  PWC).  Brawdy  Wales  UK.  PWC).  Cape  Hatteras.  Buxton  NC  ; PWC),  Centerville 
Bch.  PerndaleCA;  PWC).  Guam 
NAVAVIC )NICPAC  PWD  Deputy  Dir.  D/701 . Indianapolis.  IN 

NAVCOASTSYSPAB  Code  474  (I).  Good).  Panama  City  PI  ; Code  714  (J.  Mitlleman)  Panama  C ity.  I I : C ode  715  (J. 

Quirk)  Panama  City.  I F;  Code  777  (C  B Koesy)  Panama  C ity  I I I ibrary  Panama  City.  PI 
NAVCOMMARI  AMSTRSTA  Code  W-607.  Honolulu.  Wahiawa  HI:  PWC),  Norfolk  VA:  PWC).  Wahiawa  HI;  SC  I 
Unit  I Naples  Italy 

NAVCOMMSTA  COC6IP)  Puerto  Rico:  CO.  San  Miguel.  R P : Code  401  Nea  Makri.  Greece:  PWC).  Adak  AK;  PWC). 

Fxmouth.  Australia:  PWC).  port  Amador  Canal  Zone 
NAVCOMMUNIT  Cutler/P.  Machine  MPcPWGen.  For  ) 

N A VC  C )NSI RAC  ( N Code  74000  cBodwell)  Port  Hueneme.  CA 

NAVFDTRAPRODFVCFN  Tech.  I. ibrary 

NAVI  DUTRACPN  Pngr  Dept  (Code  47)  Newport.  Rl 

NAVFNVIRHI.THCFN  CO.  Cincinnati.  OH 

NAVI 01)1  AC  Code  f>05.  Indian  Head  MD 

NAVI  AC  PWC).  I ewes  Dp 

NAVFACFNGCOM  Code  044  Alexandria.  VA;  Code  044  Alexandria.  VA:  Code  0451  Alexandria,  VA;  Code  045.4  (I). 
Potter)  Alexandria.  VA;  C ode  0454B  Alexandria.  Va:  Code  040;  Code  0401 1)  (V  M Spaulding)  Alexandria.  VA: 
Code  (MB'  Alexandria.  VA;  Code  04B5  Alexandria.  VA:  Code  101  Alexandria.  VA;  Code  101.44  tJ.  I.eimanis) 
Alexandria.  VA;  Code  1074  (M.  Carr)  Alexandria.  VA;  Code  1074  (T.  Stevens)  Alexandria.  VA;  Code  104 
* Alexandria.  VA:  Code  7014  (Mr.  Taam).  Pearl  Harbor  HI:  Morrison  Yap.  Caroline  Is.:  P W Brewer  Alexandria. 

VA;  PC  77  iF.  Spencer)  Alexandria.  VA:  PI  -7  Ponce  P R Alexandria.  VA 
NAVFACFNGCOM  CUES  DIV.  Code  101  Wash.  DC;  Code  407  (R  Morony)  Wash.  DC;  Code  404  (IP  DeVoe! 
Wash.  IX  : Code  40'  Wash.  DC:  Code  FPO-I  (Ottsen)  Wash.  IK':  Code  I PO-IC7I  Wash.  IX';  ( ode  I PO-ISPtDt 
l ewis)  Wash.  IX  . Code  FPO-IPI7  (Mr.  Scola).  Washington  DC:  Contracts.  ROICC.  Annapolis  MD;  Scheessele. 
Code  407.  Wash.  IX 

NAVFACFNGCOM  PANT  DIV.:  Code  I0A.  Norfolk  VA;  Code  III.  Norfolk.  VA:  Fur.  BR  Deputy  Dir.  Naples 
Italy:  NAS  Norfolk.  V A:  RDTAPI.O 09P7.  Norfolk  VA 
NAVFACFNGCOM  - NORTH  DIV  AROICC.  Brooklyn  NY:  CO:  Code  09P  (t.CDR  A.J.  Stewart);  Code  I07X. 
RDT&FFO.  Philadelphia  PA:  Code  1 1 1 (Castranovo)  Philadelphia.  PA;  Code  1 14  (A.  Rhoads);  Design  Div  (R 
Masino).  Philadelphia  PA;  ROICC.  Contracts.  Crane  IN 
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NAV  FACFNGC  OM  PAC  l)IV  Code  (WlXi  (Donovan).  Pearl  Harbor.  HI.  Code  402.  RDI&F.  Pearl  Harbor  HI: 
Commander.  Pearl  Harbor.  HI 

NAV  I AC  I NGCOM  SOI  I II  DIV.  Code  do.  RDT &FI.O.  Charleston  SC;  l)lr..  New  Orleans  I A.  ROICC  (I  ( DR  R 
Moeller).  Contracts.  Corpus  Christ!  I X 

NAVI ACFNGCOM  W I ST  DIV  102:  112;  AROICC  . Contracts.  Iwcntynine  Palms  CA:  ( ode  (MB.  (WP/20: 

. RDIAtl  1.0  Code  2011  San  Bruno.  (A 

NAV  I AC  I N(| COM  CON  I RAC  I AROICC  . Point  Mugu  ( A:  AROIC  C . Quantico.  V A:  Code  05.  I RIDI  NT. 

Bremerton  VVA:  Dir.  1 ng.  Div..  Fxmouth.  Australia:  Fng  Div  dir.  Southwest  Pae.  Manila.  PI:  OICC.  Southwest 
Pae.  Manila.  PI:  < >IC(7R( >I(  C.  Balboa  ( anal  /one:  ROIC  C (Krvin)  Puget  Sound  Naval  Shipyard.  Bremerton.  V\  A: 
ROICC  (1  (DR  J.Ci  Leech).  Subic  Bay.  R.P.;  ROICC  Al  Guam:  ROICC  l.ANT  DIV..  Norfolk  VA.  ROIC  (Off 
Point  Mugu.  CA:  ROICC.  Diego  Garcia  Island;  ROICC.  Keflavik.  Iceland:  ROICC.  Pacific.  San  Bruno  CA 
NAVI  < IRCARIB  ( ommander  ( N 4 2 ) . Puerto  Rico 
NAV  Tit  ISP  i.T  R.  I Isbernd.  Puerto  Rico 
NAV  MAG  SC  I . Guam 
NAVMIRO OK  . Philadelphia  PA 

NAV  NUPWRl  MUSI  Dl  l ( ode  NPU-30  Port  Hueneme.  CA 

NAVOCI  ANO  Code  1600  Bay  St  I ouis.  MS:  Code  3432  (J.  DePalma).  Bay  St.  I.ouis  MS 

NAV  OCFANSYSCFN  Code  52  ( H . Talkington)  San  Diego  CA:  Code  5224  ( R.  Jones)  San  Diego  CA:  < ode  6565  (lech 
l ib,).  San  Diego  CA:  Code  6700.  San  Diego.  CA;  Code  751 1 (PWO)  San  Diego.  CA;  SCI.  (Code  6600).  San  Diego 
CA 

NAVORDSTA  PWO.  Louisville  KY 
NAV  PI  I OH  (ode  30.  Alexandria  VA 
NAVPFTRFS  Director.  Washington  DC 
NAVPGSCOI  I.CDR  K.C  . Kelley  Monterey  CA 

N VVPHIBASI  CO.  AC  B 2 Norfolk.  VA;  Code  S3T.  Norfolk  VA:  Dir.  Amphib.  Warfare  Bid  Staff.  Norfolk.  VA: 

Harbor  Clearance  Unit  T wo.  Little  Creek.  VA;  OIC.  UCT  ONF.  Norfolk.  Va 
N.VVRADRKC  I AC  PWO,  Kami  Seya  Japan 

NAV  Rl  GMFIX  FN  Chief  of  Police.  Camp  Pendleton  CA;  Code  3041.  Memphis.  Millington  I N:  PWO  Newport  Rl 
PW  o Portsmouth.  VA;  SCF  (D.  Kaye):  SCH  (I.CDR  B.  F.  Thurston),  San  Diego  C‘A:  SCE.  Camp  Pendleton  CA: 

SC  F.  Guam 

NAVSCOI  CPCOIT  C35  Port  Hueneme.  CA:  C44A  (R.  Chittenden).  Port  Hueneme  CA:  CO,  Code  C44A  Port 
Hueneme.  CA 

NAVSFASYSCOM  Code  0325.  Program  Mgr.  Washington.  DC:  Code  OOC  (FT  R.  MacDougal).  Washington  IX': 

C ode  SFA  OCX  Washington.  DC 
NAVSFC  Code  6034  (Library).  Washington  DC 

NAVSF.C  CTRL  ACT  Facil.  Off  . Cialeta  Is.  Canal  /one:  PWO.  I d /el I Scotland;  PWO.  Puerto  Rico;  PWO.  Torri  Sta. 

( Ikinawa 

NAVSHIPRFPFAC  I ibrary . Guam:  SCI  Subic  Bay 

NAVSHIPYD:  CO  Marine  Barracks.  Norfolk.  Portsmouth  VA:  Code  202.4.  Long  Beach  CA;  Code  202.5  (Library) 
Puget  Sound.  Bremerton  W A;  Code  3X0.  (Woodruff)  Norfolk.  Portsmoulh.  VA:  Code  400.  Puget  Sound;  Code 
400.03  long  Beach.  CA:  Code  404  (I  T J Riccio),  Norfolk.  Portsmouth  VA:  Code  410.  Mare  Is..  Vallejo  CA;  Code 
440  Portsmouth  Nil:  Code  440.  Norfolk:  Code  440.  Puget  Sound.  Bremerton  W A:  Code  440.4.  Charleston  SC; 

( ode  450,  Charleston  SC;  Code  453  (Util.  Supr).  Vallejo  CA:  L.D.  Vivian;  Library.  Portsmouth  NH:  PWD  (Code 
400).  Philadelphia  PA.  PWO.  Mare  Is.;  PWO.  Puget  Sound.  SCI..  Pearl  Harbor  HI;  Tech  Library.  Vallejo,  CA 
NAVSTA CO  Naval  Station.  Mayport  FL:  CO  Roosevelt  Roads  P R.  Puerto  Rico;  Fngr.  Dir..  Rota  Spain:  Maint. 
Coni.  Div  . Guantanamo  Bay  Cuba;  Maint.  Div.  Dir/C  ode  531.  Rodman  Canal  Zone;  PWD  (I.TJC.P.M. 
Motolcmch).  Puerto  Rico:  PWO  Midway  Island;  PWO.  Guantanamo  Bay  C uba;  PWO,  Keflavik  Iceland:  PWO. 
Mayport  FT  ; ROICC  Rota  Spain;  ROICC.  Rota  Spain;  SC  F.  Guam;  SCF.  San  Diego  CA;  SCF.  Subic  Bay.  R P ; • 
Utilities  Fngr  Off.  (LTJCi  A.S.  Ritchie).  Rota  Spain 
NAVSl  HASP  I NS  S IXive.  Groton.  CT;  LTJG  D.W.  Peck.  Groton.  CT;  SCF.  Pearl  Harbor  HI 
NAVSC  BSCOI  I.TJ.A,  Nelson  Groton.  CT 

NAV  SI  PPACT  CO.  Brooklyn  NY;  CO.  Seattle  W A:  Code  4.12  Marine  Corps  Dist.  Treasure  Is..  San  Francisco  CA; 

Code  41 3.  Seattle  W A;  LTJCi  McCiarrah.  Vallejo  CA;  Plan/Fngr  Div..  Naples  Italy 
NAVSL  Rl  PAC  ( ode  30.  San  Diego.  CA 
NAVSl  RFWPNCFN  PWO.  White  Oak.  Silver  Spring.  MD 
NAVTI  CHIRAC  I N SCF.  Pensacola  FL 

NAVW  PNCFN  Code  2636  |W  Bonner).  China  Lake  CA:  PWO  (Code  26).  C'hina  Lake  CA;  ROICC  (Code  702).  China 
l ake  CA 
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NAVWPNSTA  I ARI  I ((  lebak)  ( oils  Neck.  NJ.  Code  <N2.  Colls  Neck  NJ.  ( ode  (W2A  ((  F redericks)  Seal  Beach 
(A.  F NSG.A.  I oury.  Fallbrook  (A.  Maint.  Control  Dir..  Yorktoun  VA.  PW  Office  (Code  (Mil  Yorktoun.  V A; 
PWO.Seal  Beach  ( A 
NAY  W |»NSI  PK  I N ( ‘ode  IN  Crane  IN 
NAY  XDIVINGU  I I A At  Paris).  Panama  City  H 
N(  IU  405  OIC.  San  Diego.  CA 
< I ( Petersen.  Norman  VS  . ( API 

NC  B(  ( II  AOK  Port  Hiicncme  ( A.  (txle  10  Davisville.  Kl.  ( ode  155  Port  Huenemef  A;  Code  156.  Port  Hneneme 
( A:  ( ode  400.  Gulfport  MS.  PW  I ngrg.  (iulfport  Y1S.  PV\ ()  (Code  K0)  Port  Hneneme.  ( A:  PWO.  Davisville  Kl 
NC  Bl’  4||  ()|(  . Norfolk  VA 
N(  K 20.  ( ommandei 
NC  SO  BAHRAIN  Security  Offr.  Bahrain 

NM(  B I VO  I NS  I VV  Nielsen).  s.  ( >perations  Dept  74.  (( ).  I oils  .CO.  IHKI  I ( )perations  ( )ft 
NO  A A I ihrarym  KockMile.  Ml) 

NORDA  Code  440  (( Kean  Rsch  Off)  Bay  St  l ouis  MS 

NKI  ( odcK400(J.  Walsh).  Washington  IK  ( ode  K44I  (R.A  Skop).  W ashington  IK 
NSC  C ode  54.1  (Wynne).  Norfolk  \ \ 

NSI)  SCI  . Subic  Bay.  K P . Security  Offr.  Yokosuka.  Japan 

N l(  ( txle  54(1  NS  P G Jacket ).  Orlando  I I . ( omrriandei  Orlando.  FI  . Ol(  ( . ( HI  -401.  (treat  I .ikes  II 
Nl  S(  (Axle  Ml  New  I ondon.  Cl.  ( txle  I AI2GR  S Munn).  Neu  I ondon  ( I.  (Axle  SB  M|  (Broun).  Newport  kl 
( ode  I AMI  ((i.  De  la  Cru/).  Neu  I ondon  ( I 
OCFANSYSI  AN  I I I A k (iiancola.  Norfolk  VA 

()»  I 1C  I SI  CRI  TARY  OF  Dl  FI  NSI  OASD (MRA&l  ) Pentagon  < I ( asberg).  Washington.  IH 
()NR  BROFI  .CO  Boston  MA:  ( ode  7(H)|  Arlington  VA.  Dr  A I aufer.  Pasadena  CA 
PH  I B(  B I PA  I . ( oronado.  CA 
PM  1C  Pal  ( tHinsel.  Point  Mugu  ( A 

PW(  AC  I Office!  I IJ(i  St  Germain)  Norfolk  VA.  CO  Norfolk.  VA.  CO.  Great  l akes  ||  ( ode  1 16  (I  IJ(.  A 
I ckhartt  Great  I akes.  II  . ( txle  120.  Oakland  CA.  Code  I2(K  (I  ibrary)  San  Diego.  CA;  (Axle  I2K.  (iuam:  ( txle 
2(H).  (,  real  I akes  II  (Axle  2(H).  (iuam  (ode  2(H).  Oakland  (A.  (txle  220  Oakland.  ( A.  Code  220  I.  Norfolk  VA. 

( ode  «K  iBtxMtcher)  San  Diego.  ( A.  ( txle  40  |(  Kolton)  Pensacola.  I 1 . ( txle  4(H).  Pearl  Harbor.  HI.  ( txle  42B 

Ilk  Pascua).  Pearl  Ft  arbor  HI.  Code  505  A (H  Wheeler).  ( txle  6K0.  San  Diegt>  ( A.  I ibrary.  Subic  Bay.  R P (>l( 

( Bl  -405.  Sun  Diego  C A;  l tilities  Officer,  (iuam.  XO  Oakland.  CA 
SP(  < ( txle  I22B.  MecFiamcsburg.  PA.  PWO  ((  Axle  120)  MecFuinicsburg  PA 
1(1  I Wo  OK  Port  Hneneme  ( A 

l s Ml  R(  HAN'I  MARINI  ACADLMY  Kings  Point.  NY  ( Reprint  ( ustodiun) 

l S DF  PI  ( )l  AGRie  F orest  Products  I ah.  Madist>n  Wl  I oiest  Puxlucts  Lab  (R  De(irtxrt).  Madistm  Wl 
l SCiLOMKdC  A I SI  KVF  Y Off  Marine  (ieology.  Piteleki.  Reston  V A 
l SNAVAI  F ORCF  S Korea  (F  NJ  IVtO) 

l SAI  S(  H(K)I  OF  ALROSPAC  F MF  DK  INF  Hyperbaric  Medicine  Div  Brtx>ks  AF  B I X 
l S(  (t  ((»-)  ( V)  Washington  IX  . t(i-F  ( V/61 ) (Burkhart)  Washington.  IK  G F OF  4./M  i I Dttud).  W ushington  IX 
l SC( i AC  ADI  MY  I I N Stramandi.  Neu  I t>ndt>n  ( I 
LSCG  R&D(  LN  I Lk  lech  Du  Groton.  (1 

t SNA  ( h Mech  I ngr  IX'pt  Annapolis  Ml).  Ocean  Svs  I ng  IX*pt  (IX  Monney)  Annapolis.  Ml).  PWI)  I ngt  Div 
((  Biadftxd)  Annapolis  Ml);  PWO  Anruipolis  Ml) 

AMI  RICAN  COM  Kl  II  INS  1 1 1 1 II  Detroit  Ml  (I  ibrary) 

( \l  IF  Dl  PI  OF  NAVICiAllON  At  (X  I AN  Dl  V Sacramenit>.  ( A (O  Armstrong) 

CALIF  MARITIMI  AC  ADI  MY  Vallejo.  CA(1  ibrary) 

CORNf  l | ( NfY  I RSI  f Y Ithac.i  NY  (Serials  Dept  f ngi  I ih  ) 

DAMI  S A M(K)kl  I IBRARY  LOS  ANCiH  I S.  ( A 
IMJKF  LNIV  MI  DK  Al  ( F NILRB  Mug...  Durham  NC 

FLORIDA  ATI  ANTIC  CNIVF  RSIIY  B(X  A RAION.  FI  (MC  A I I ISTLR)  B«va  Raton  FI  ((Kean  F ngr  Dept,  C 
Lin) 

U OKIDA  All  AN  IK  LNIVFRSITY  Btxa  Raton  FI  (W  Tessin) 

FI  OKIDA  IF  C’HNOI  OCiK  Al  CNIVF  RSI  I Y OKI  ANDO.  Ft  (HAK  I MAN) 

II  LINOIS  STATF  (iFO  SLRVF  Y Crbuai  II 

INSIIIUTF  OF  MAKINF  S(  IF  N(  F S Mttrehead  C ity  N(  (IXrecttx) 

IOWA  STATF.  UNIVFRSITY  Ames  I A i(F  Dept.  Handy) 

VIRGINIA  INSF  OF  MAKINF  S(  I Gloucester  F’oint  VA(I  ibrary) 


I I HI(,H  l NIVI  RSbl  Y HI  IHI  bill  M.  I’A  I MARINL  GLOTLC  HNICAI  I AH..  RICHARDS):  Bethlehem  PA 
il  inderman  l.ib.  No. .10.  Llecksteiner) 

LIBRARY  Ol  CONGRLSS  WASHINGTON.  IX  (S(  II  NI  LS  A I PX  H DIVl 
MAIN  I MARIIIMI  AC  ADI  MY  (Wyman)  Casline  Ml  ; ( AS  I INI  . ML  (LIBRARY) 

MICHIGAN  1 1 C HNOI  OGICAI  UNIVLRSITY  Houghton.  Ml  (Haas) 

Mi  l C ambridge  MA:  C ambridge  MA  (Km  10-500,  Tech.  Reports,  Lngr.  I.ib.) 

NA  I I AC  ADI  MY  (It  PNC.  Al  I XANDRIA.  VA  (SI  ARI  L.  JR.) 

Nl  V\  MLXK  <>  SOI  AR  LNLRGY  INS  I Dr.  Xwtbel  las  Cruces  NM 
NY  Cl  I Y COMMUNITY  COI  l l Cib  BROOK  I AN.  NY  (LIBRARY) 

NYS  I NI-RCiY  OH  IO  I ibrary.  Albany  NY 

OKI  GON  SI  A 1 1 l Nl  VI  RSI  I Y (C  l Dept  Grace)  C orvallis.  OR;  CORVALLIS.  OR  (C  L DLPT.  HIC  KS):  C orvalts 
OR  (School  ol  ( Iccnnography ) 

PI  NNSYI  VANIA  SI  All  UNIVLRSI  I Y SI  A 1 1 COI  I 1Gb.  PA  (SNYDLRl 
IT  RDl  1 UNIVLRSITY  Lafayette.  IN  ( Altsehaeffl);  Lafayette.  IN  (CL.  Lngr.  Lib) 

CONNI  (TICUT  Hartford  Cl  (Depl  of  Plan.  A Lnergy  Policy) 

SAN  DlbGOSTATI  UNIV  I.  Noorany  San  Diego.  CA 

S(  RII’PS  INS  I III  1 1 Ol  OC  LANOGRAPHY  IA  JOLI  A.  CA  (ADAMS);  San  Diego.  C'A  (Marina  Phy  lab  Spiess) 

SL  A I I LI  I Prof  Schwaegler  Seattle  W A 

SOI  IIIWI  SI  RSC  II  INST  R.  DeHart.  San  Antonio  I X 

SI  AN  LORD  UNI  VI  RSI  IY  Lngr  Lib.  Stanford  CA:  STAN  LORD.  C'A  (DOUGLAS) 

SI  A IT  UNIV  OF  NLW  YORK  Buffalo.  NY 

I LX  AS  AAM  UNIVLRSITY  COI  I b.GL  STATION.  IX  (CL  DIPT):  College  Station  TX  (Cl  Dept.  Herbich) 

I Nl VI  RSI  IV  Ol  C Al  ILORNIA  BLRKLI  LY.  CA  (CL  ULPT.  CiLRVVK  K):  Berkeley  C AiB  Bresler):  Berkeley  C A 
(I  Pearson);  DAVIS.  C A (CL  DI  PT,  TAYLOR);  M.  Duncan.  Berkeley  CA 
UNIVLRSITY'  OL  DLI.AWAKL  Newark.  DL  (Dept  of  C ivil  Lngineering.  C hcsson) 

UNIV  I RSI  I Y OL  HAWAII  HONOLULU.  HI  iSCILNCT  AND  ITCH  DIV.) 

I NIVI  RSI  ! Y OL  II  LINOIS  Mel/  Ref  Rm.  Urbana  II  . URBANA.  IL  (DAVISSON);  URBANA.  II  ( LIBRARY l; 

( KHANA.  IL  (NLW  ARK).  Urbana  IL  (C  L Depl.  W (, amble) 

I N IV I RSI  I Y Ob  MASSAC  HUSLTIS  (Heronemus).  Amherst  MA  C L IX-pt 
UNIVI  RSITYOF  MIC  HIGAN  Ann  Arbor  Ml  (Richard 

I NIVI  RSI  I V Ob  NLBRASKA  I INC  Ol  N Lincoln.  Nl  (Ross  Ice  Shelf  Proj.) 

UNIVI  RSI  | Y OL  PLNNSYI. VANIA  PHII  ADL1PHI A.  PA  (SC  HOOI  OF  LNGR  & APPI.ILD  SCILNCL.  ROM  I 
t NIVI  RSTLY  OL  I LXAS  lns(.  Marine  Sci  (Library).  Port  Arkansas  TX 
l NIVI  RSITYOF  I LXAS  A I AUSTIN  AUSTIN,  TX  (THOMPSON);  Austin.  TX  (Breen) 

UNIVI  RSI  I Y Ol  W ASHINGTON  Depl  of  Civil  Lngr  (Dr.  Matlock).  Seattle  W A;  SI  ATI  I L.  WA  (CK  LAN  I NG 
RSC  II  LAB.  GRAY);  Seattle  WA  (I  Linger) 

I NIV  I RSI  I Y OL  W ISC  ON  SIN  Milwaukee  W I (Ctr  of  Great  Lakes  Studies) 

I KS  Kl  SI  ARC  H CO  I IBRARY  SAN  MATLO.  CA 

All  RIDA  Yll  &ASSCK  Honolulu  HI 

AMI  1 1 K ( )ff shore  Res  A Lngr  Dtv 

ARVIDC.RANI  OLYMPIA.  WA 

All  ANTIC  RIC  III  II  I I)  CO.  DALLAS.  IX  (SMI  I III 

Al  SI  KAMA  IX-pt  PW  (A  Hicks),  Melbourne 

AW  W A RSC  H LOUNDATION  R Heaton.  Denver  CO 

HIC  nil  I C OKI’  SAN  IRANI  ISO).  CA  (PHLI  PS) 

HI  I C.ll  VI  HALT ON.  N.V..  Gent 
HI  IHI  I HIM  STL  LI.  CO.  Dtsmuke.  Bcthelehem.  PA 
BROWN  A CALDWI  II  I'M  Saunders  Walnut  Creek.  CA 
BROW  N A ROOT  Houston  TX  11).  Ward) 

CAN  ADA  Can-Dive  Services  (Lnglish  I North  Vancouver;  Mem  Univ  Newfoundland  (Chari).  St  Johns:  Nova  Scotia 
Ksch  bound.  Corp  Dartmouth.  Nova  Scotia.  Surveyor.  Nenningcr  A C henevert  Inc  . Montreal 
< I BR  AUN  CO  Du  Bouchct.  Murray  Hill.  NJ 
l HLMI  DCORP  I ake  Zurich  II  (Dearborn  Chem.  Div.l.ib.) 

COLUMBIA  GUI  I TRANSMISSION  CO.  HOUSTON.  TX  (I  NG  LIB.) 

Dll  I INGHAM  PRI  ( AST  L McHale.  Honolulu  HI 
DRAVOC  ( )RP  Pittsburgh  PA  iGiannino);  Pittsburgh  PA  (Wright) 

IX  Kl  AC  II.  O'NLAI  . JI  NKINS  A ASSCX'.  Columbia  SC 
NORW  AY  DL  I NORSK!  VI  Rl  I AS  (Library).  Oslo 
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I VAI  l' ATION  ASS(K  INC  KIN(,  OF  PRUSSIA.  PA  il  l 1)1  I K) 

FORD.  ITU ON  A DAVIS.  INC  Ncvi  York  (Library) 

I RANI  I Dr  Dutertrc.  Boulogne:  I I’liskm.  Palls . P.  Jensen.  Boulogne:  Roger  LaCroix.  Paris 
t ■ I N I R A I DYNAMICS  I lee  Boat  Div..  Environ.  1 ngrlH  Wallman).  Groton  CT 
(.11)11  CHNIC.AI  ENGINEERS  INC.  Winchester.  MA  t Paulding) 

(.1  IDDI  N CO.  STRONGSVII  I E.  OH  (RSCH  I IB) 

<>Ol  1 D IN(  Shady  Side  MDlChes.  Inst.  Div..  W . Paul) 

HAI  I V & ALDRICH.  INC.  Cambridge  MA  (Aldrich.  Jr.) 

ITALY  M C.uroni.  Milan:  Sergio  Tattoni  Milano:  Torino  (F.  I evil 

MAk.AKK  I AN  ENGRNG  INC.  Kailua.  HI 

Kl  NNI  III  I.VIOR  ASSOC  tORAOPOL  IS.  PA  (1  IBRARY) 

K(  )RI  A Korea  Rseh  Inst  Ship  A Ocean  (B.  Choi).  Seoul 

l.AMON  I IX)HI  RTY  GFOLOGICAI  OBSI  RV  Palisades  NY  (Selwyn) 

I DC  KHI  I I)  MISSII  T.S  A SPACE  CO.  INC  Mgr  Naval  Arch  A Mar  Png  Sunnyvale.  C A:  Sunnyvale  CA 
(Rynewicz);  Sunny  vale.  CA  (Phillips) 

I < )C  Kill  I l)(K  ! AN  LABORATORY'  San  Diego.  CA  (Springer) 

MARATHON  Oil  CO  Houston  I X (C.  Seay) 

MARINE  CONCRI  1 1 SIRCC  I IRIS  INC  Ml  I A I R 1 1 . IA  (INGRAHAM) 

MC  DON  Nil  AIRCRAFT  CO  Dept  501  (R.H.  layman).  St  Louis  MO 
Ml  DAI  I A ASSOC  INC  J.T.  Ci.AI  I I Y II  SANTA  ANA.  CA 
MEXICO  R C ardenas 

MOBII  PI  PI  PINK  CO.  DAI  PAS.  IX  MGR  OF  ENGR (NOACK) 

Ml  I Si  R.  Kl  I I I IX  .1  . WENTWORTH  AND  JOHNSTON  NEW  YORK  (RICHARDS) 

NFYY  XPAPAND  New  Zealand  Concrete  Research  Assoc.  (Pihrarian).  Porirua 
NEWPORT  Nl  WS  SHIPBPDG  A DRY  IX)CK  CO.  Newport  News  VA  (Tech,  l ib.) 

NOR W AY  DP.  T NORSK P.  VP.RI  I AS  ( Roren)  Oslo;  I.  Foss.  Oslo:  J.  Creed,  Ski:  Norwegian  Tech  liniv  (Brandt/aeg). 
I londheim 

(X  I AN  ENGINEERS  SAUSA1  ITO.  CA  (RYNECKI) 

(X  I AN  RESOURCE  PNG.  INC  HOUSTON.  IX  (ANDERSON) 

OFFSHORE  DEVELOPMENT  ENG.  INC.  BERKELEY.  CA 
PACIFIC  MARINE  TECHNOLOGY  Pong  Beach.  CA  (Wagner) 

PORTLAND  CEMENT  ASSOC  . SKOKIE.  IP  (CORFI.Y):  SKOKIE.  IP  (KPIEGER):  Skokie  IP  (Rseh  A Dev  Pah. 
lib.) 

PRPSC ONCORP  TOWSON.  Ml) (KELLER) 

PP  P R IO  RICO  Puerto  Rico  (Rseh  Lib.),  Mayaquez  P R 
. RAY  MC )ND  IN  I P.RNA  I IONAP  INC.  F.  Colle  Soil  Tech  Dept.  Pennsauken.  NJ 

RIVERSIDE  CEMENT  CO  Riverside  CA  (W.  Smi(h) 

SCHUPACK  ASS(K  SO.  NORWALK.  CT(SCHUPACK) 

SEAFOOD  LABORATORY  MORI  HI  AD  ( I T Y.  NC  (LIBRARY) 

SI  A TIC  IK  ORP  MIAMI.  FT  (PFRONI) 

Sill  I I DEVELOPMENT  CO.  Houston  TX  (C.  Sellars  Jr.) 

SHIT  I OIL  CO.  HOUSTON.  TX  (MARSHALL):  Houston  TX  (R.  de  Castongrene) 

SOUTH  AMERICA  N.  None  I.  Valencia,  Venezuela 

SWEDEN  Cement  A Concrete  Research  Inst..  Stockholm:  GeoTech  Inst;  VBB  (Library).  Stockholm 
TECHNICAL  COATINGS  CO  Oakmont  PA  (Library) 

111)1  W A l l R CONSTR.  CO  Norfolk  VA  (Fowler) 

I NI  I ED  KINGIX)M  Cement  A Concrete  Assoc  Wexham  Springs.  Slough  Bucks;  Cement  A Concrete  Assoc. 

( Library ).  Wexham  Springs.  Slough;  Cement  A Concrete  Assoc.  (Pit.  Ex).  Bucks;  D.  Pee.  London;  D.  New.  G. 
Maunsell  A Partners.  London:  l ibrary,  Bristol;  Taylor.  Woodrow  Constr  (0I4P),  Southall.  Middlesex;  Taylor, 
w oixlmw  ( onsli  (Stubbs),  Southall.  Middlesex;  Univ.  of  Bristrrl  (R.  Morgan).  Bristol 
W A IT  BRIAN  ASS(X  INC.  Houston.  TX 

Wl  SI  INCiHOUSF  ELECTRIC  CORP.  Annapolis  M D (Oceanic  Div  Lib.  Bryan):  Library.  Pittsburgh  PA 
WISS.  JANNFY.  ELSTNER.  A ASSCX  Northbrook.  IP  (D.W.  Pfeifer) 

WM  C LAPP  LABS  BAIT  El  IF  DUXBURY.  MA  (LIBRARY):  Duxbury.  MA  (Richards) 

W(X)DW ARD-CLYDE  CONSULTANTS  PLYMOUTH  MEETING  PA  ((  ROSS.  Ill) 

ADAMS.  CAPT  (RET)  Irvine.  CA 
ANTON  TEDFSKO  Bronxville  NY 
BRAHTZU  Jolla.  CA 
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HRYANT  RUSH  Johnson  l)iv.  UOP.  Glendora  C'A 

BUI, I OC'K  La  Canada 

( API  MURPHY  Sunny  vale.  ( A 

(|RI  (,  PAGL  KUGLNL.  OR 

k I BISIIROId  Sayhrook  CT 

R.Q.  PAI.MI  R Kailua.  HI 

SMITH  Gulfport.  MS 

T.W  MI  RMI  I Washington  IX 

(1C  Morris.  I T 
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